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In the  last  decades,  molecular  techniques  have  gradually  been  adopted  for the  rapid  conﬁrmation  of
results  obtained  through  gold  standard  methods.  However,  international  organisations  discourage  their
use in  routine  laboratory  investigations  for rabies  post-mortem  diagnosis,  as  they  may  lead  to  false
positive  results  due  to  cross-contamination.  Cleaning  and  disinfection  are  essential  to  prevent  cross-
contamination  of samples  in the laboratory  environment.  The  present  study  evaluated  the  efﬁcacy  of
selected  disinfectants  on rabies-contaminated  necropsy  equipment  under  organic  challenge  using a
carrier-based  test.  The  occurrence  of  detectable  Rabies  virus  (RABV)  antigen,  viable  virus and  RNA  was
assessed  through  the  gold  standard  Fluorescent  Antibody  Test,  the  Rabies  Tissue  Culture  Infection  Test
and molecular  techniques,  respectively.
None of the  tested  disinfectants  proved  to  be  effective  under  label  conditions.  Off  label disinfec-
tion  protocols  were  found  effective  for oxidizing  agents  and  phenolic,  only.  Biguanide  and  quaternary
ammonium  compound  were  both  ineffective  under  all tested  conditions.  Overall,  discordant  results  were
obtained  when  different  diagnostic  tests  were  compared,  which  means  that in the  presence  of  organic
contamination  common  disinfectants  may  not  be effective  enough  on  viable  RABV  or RNA.
Our  results  indicate  that  an  effective  disinfection  protocol  should  be  carefully  validated  to guarantee
staff  safety  and reliability  of results.
© 2016  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-NDRabies is an acute, progressive encephalitis caused by non-
egmented single stranded RNA viruses belonging to the order
ononegavirales, family Rhabdoviridae,  genus Lyssavirus. Rabies
iagnosis in animals is based on the laboratory evidence of the
abies virus (RABV) infecting the central nervous system. The
luorescent Antibody Test (FAT) on acetone-ﬁxed smears of hip-
ocampus, cerebellum or medulla oblongata, is currently the
eference test for laboratory diagnosis (WHO, 2013; OIE, 2013). In
he last decades, molecular methods have been largely introduced
n the diagnostic pipelines of reference laboratories and they have
een particularly exploited to trace the origin of an infection (Fooks
t al., 2009; De Benedictis et al., 2013; Fusaro et al., 2013). Molec-
lar methods have already proved their high sensitivity and are
ndoubtedly useful in case of decomposed or improperly stored
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/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
samples, in forensic investigations and whenever standard tech-
niques are likely to fail (McElhinney et al., 2014; Beltran et al.,
2014; Markotter et al., 2015). However, their use in routine post-
mortem rabies diagnosis has been strongly discouraged when brain
tissue is available and the gold standard technique applicable.
International organisations limit the application of molecular tests
to epidemiological surveys which should be conducted in well-
experienced laboratories, with the adoption of stringent quality
controls (WHO, 2013; OIE, 2013; Cliquet et al., 2010). As a mat-
ter of fact, the occurrence of false positive results due to nucleic
acid cross-contamination has long been recognised for molecu-
lar methods (OIE, 2013) and especially observed in international
inter-laboratory trials on rabies diagnosis, with a higher false posi-
tive rate obtained from molecular rather than standard techniques
(Robardet et al., 2011; Robardet, 2015).
As for post-mortem rabies diagnosis in animals, many con-
straints make the application of molecular techniques still difﬁcult
to implement on a routine basis. Contamination may  occur at any
step of the procedure, from RNA extraction through the DNA ampli-
ﬁcation and gel-electrophoresis. Molecular techniques for rabies
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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iagnosis are still widely based on nested and hemi-nested proto-
ols (Robardet et al., 2011; McElhinney et al., 2014), thus increasing
he probability of cross-contaminating a negative sample with
mpliﬁed nucleic acids. For this reason, a One Step PCRs for rabies
iagnosis has been validated by our group (De Benedictis et al.,
011) and has been applied also in other reference laboratories
Lojkic´ et al., 2012; Robardet et al., 2011) with the aim of reduc-
ng sample cross-contamination (by reducing manipulation steps)
nd maintaining excellent diagnostic performances. Thus, although
ross-contamination events have a high probability to be traced-
ack in case of inconsistent laboratory results (i.e. FAT and RTCIT
egative vs PCR positive), those due to an improper sampling pro-
edure may  be assumed but seldom demonstrated with certitude.
oreover, when contamination of samples occurs from positive
ontrols (usually obtained from standard rabies strains) during PCR
rocedures, sequencing may  clarify inconsistent ﬁndings.
Apart from cross-contamination intrinsically linked to the pro-
edure itself, the application of stringent quality controls at the
ampling stage, including proper decontamination of necropsy
quipment, is a paramount pre-requisite for a reliable laboratory
iagnosis.
Evidences of nucleic acids decontamination failures have been
xtensively reported in relation to other viruses belonging to Cat-
gory A infectious agents (De Benedictis et al., 2007; Bowman
t al., 2015), as Rhabdoviridae are (Noll and Youngner, 1959).
oreover, common disinfection protocols, proving effective on
reviously cleaned laboratory surfaces, are expected to fail under
eavy organic challenge and cannot be applied without any assess-
ent of their efﬁcacy.
Decontamination protocols currently applied for post-mortem
nimal brain sampling in the frame of rabies diagnosis are gener-
lly based on chemical methods in use for decades. Although they
re assumed to be effective when reference techniques only are
pplied, they may  not be as effective in disrupting nucleic acids
n the presence of organic matter, possibly leading to false pos-
tive results. Necropsy equipment is commonly decontaminated
y dipping with a chemical germicide of proven virucidal activity,
ollowed in principle by steam autoclaving. Although in principle
ny organic matter should roughly be removed before dipping, in
ertain cases, such as with sharp instruments, an accurate clean-
ng is not feasible before disinfection because of the biological and
hysical hazards for the personnel. Steam autoclaving may  not be
pplicable in practice, i.e. in case of tools for which this step is
ot advisable. Moreover, during an epidemic, the overall quality of
he decontamination process may  be challenged by the increasing
iagnostic demand, i.e. by skipping the autoclaving step when the
umber of samples received largely exceeds the pieces available
or sampling. Overall, the residual organic load in the disinfectant
ip is expected to interfere with the standard disinfection process,
articularly in case of an emergency and considering a high quan-
ity of samples to be analysed daily. Apart from the impact that
ross-contamination may  have on the diagnostic outcome, sam-
ling equipment often represents a major hazard for laboratory
ersonnel (risk of cuts and injuries), therefore an improper decon-
amination may  impact on a secondary and underestimated risk for
aboratory personnel.
The aim of this study was to assess the virucidal efﬁcacy
f selected biocide products and their efﬁcacy in nucleic acid
econtamination by dipping of necropsy equipment, as well as
o evaluate the most cost-effective protocol for decontamination
hen a molecular technique is foreseen. The worst case scenario
n terms of organic matter load was intentionally set up for testing
he most likely ﬁeld conditions.
Five disinfectants, all belonging to biocidal categories con-
idered effective against RABV (Bleck, 2006; Ausvetplan, 2008),
ere selected for this study. They included two oxidizing agentsl Methods 234 (2016) 75–79
(sodium hypochlorite and Virkon® powder), a phenolic compound,
a biguanide nanoemulsion and a quaternary ammonium compound
(QAC). Their efﬁcacy was  assessed in the presence of a heavy
organic challenge when used in compliance with the manufactur-
ers’ instructions (here referred to as “label use”) and “off label” (at
increasing concentrations and/or contact times), when label use
tested ineffective (Table 1). As for sodium hypochlorite, the rec-
ommended concentrations of available chlorine for laboratory use
(5000 ppm) have previously been reported as ineffective in the
presence of organic material (Ausvetplan, 2008), so that higher
concentrations were selected for this study. Similarly, the failure
of one QAC in eliminating rabies virus infectivity was previously
reported (Jaeger et al., 1978); nevertheless, these products are still
widely used in rabies diagnostic laboratories and for this reason
one QAC was included in the study as representative of the cate-
gory. Since brand or trade names may  vary from country to country,
well-known chemical names of disinfecting substances are used
throughout the manuscript rather than trade names, thus making
the information universally suitable.
A slightly modiﬁed carrier-based method was  applied (AOAC,
2012). Challenge Virus Standard-11 (CVS-11) at known titre (107.72
TCID50/ml) was  used as test organism. Test medium was com-
posed by Dulbecco’s Modiﬁed Eagle Medium (Gibco® Thermo
Fisher Scientiﬁc, USA) with 1% antibiotics and 50% foetal calf serum
(Sigma-Aldrich, USA). A ﬁnal 20% (w/v) organic material suspension
was obtained by homogenizing uninfected mouse brain and subse-
quently adding the CVS-11 concentrated suspension (1:1 ratio). For
FAT testing (OIE, 2013), a CVS-11-positive mouse brain homogenate
(20% w/v) was used. The organic matter suspensions were incu-
bated at +37 ◦C for 30 min  before use. Each sterile carrier (stainless
steel small cylinder, 8 × 10 × 2 mm)  was individually contaminated
by immersion in 1.5 ml  of CVS-11 infected brain homogenate for
15 min  at room temperature. Ten carriers were tested for their
ability to retain viral particles and then analysed without further
decontamination process. The decontamination step consisted in
dipping the carrier into 3.0 ml  of disinfectant solution for the set
concentration × contact time (C × Ct). After a rinsing step of 15 min
in 1.5 ml  of test medium in a new test tube, residual contamina-
tion on the carrier was  assessed by Rabies Tissue Culture Infection
Test (RTCIT) and molecular methods for virus infectivity and virus
genome detection, respectively. Brieﬂy, RNA extraction was  per-
formed using a NucleoSpin® RNA (Macherey Nagel GmbH & Co. KG,
Germany) according to the manufacturer’s instructions. RNA was
eluted in a ﬁnal volume of 60 l and stored at −80 ◦C. Molecular
tests applied were a One Step RT-PCR (amplicon length 603 bp) (De
Benedictis et al., 2011) and a One Step Real-Time RT-PCR (amplicon
length 87 bp) (Wakeley et al., 2005). The One Step RT-PCR was  ﬁrstly
applied. In case of a positive result, the disinfection protocol was
automatically considered as testing positive for molecular meth-
ods without further investigations. Real-Time RT-PCR was applied
only in case of negative results by One Step RT-PCR, to conﬁrm that
not only long RNA fragments but also short ones were undetectable
after the disinfection protocol under evaluation, which was  consid-
ered effective in disrupting detectable nucleic acid fragments when
both the molecular tests were negative.
To mimic daily use conditions, disinfectants were diluted in
tap water and the carrier’s contamination, disinfection and rins-
ing steps were performed at room temperature. Three replicates
were carried out for each C × Ct combination.
Stability over time of the effective working solutions of disin-
fectants was  assessed through RTCIT and molecular testing, when
the manufacturers indicated such an option. Brieﬂy, stock ready-
to-use solutions of disinfectants, at the concentration that proved
effective under test conditions, were prepared and stored at room
R. Aiello et al. / Journal of Virological Methods 234 (2016) 75–79 77
Table  1
Efﬁcacy of tested disinfectants at different dilutions and contact times.
Disinfectant Type of use Use dilution Final concentration Contact time Diagnostic testa
FAT RTCIT Molecular
methods
Virkon® powder
(50% w/w)
Label 1% 0.5 g/100 ml  15′ − − +
Off  label 1% 0.5 g/100 ml 30′ (−) (−) +
1  h (−) (−) −
Sodium hypochlorite
(15% av. chl.)
Off label 10% 1.5% 15′ −b − +
20% 3% 15′ (−) +
30′ (−b) (−) −
Phenolic (o-phenylphenol 11.4%
w/w  p-tert-amylphenol 2.3% w/w
o-benzyl-p-chlorophenol 8.2%
w/w)  (219,000 ppm)
Label 1% 2,190 ppm 30′ + + +
Off  label 1% 2,190 ppm 1 h + + +
o.n. −b − +
5% 10,950 ppm 30′ − − +
1  h − − −
Biguanide
(≤10%)
Label 1%  ≤0.1% 30′ + + +
10% ≤1% 30′ + toxic +
Off  label 1% ≤0.1% o.n. + + +
10% ≤1% o.n. + (toxic) +
Benzalkonium
chloride
(≤5%)
Label 100% ≤5% 15′ −b toxic +
Off  label 100% ≤5% 30′ (−b) (toxic) +
1h (−b) (toxic) +
o.n. (−b) (toxic) +
Efﬁcacy of disinfection protocols was assessed by testing different dilution x contact time combinations, among those recommended by the manufacturer (label use) and,
when  label use resulted ineffective, through off label use. Chemical names of disinfecting substances are used rather than trade names, thus making the information universally
suitable.
o.n.  = overnight (16–18 h); av. chl. = available chlorine; () = the text in brackets means that the result (“negative”, “toxic” or “high tissue denaturation and no antigen detection”)
was  inferred based on the results of the previous testing condition (i.e. the lower concentration x contact time combination).
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ca FAT = Fluorescent Antibody Test; RTCIT = Rabies Tissue Culture Infection Test; m
ime  RT-PCR (modiﬁed from Wakeley et al., 2005).
b High tissue denaturation and no antigen detection.
emperature; an aliquot was tested daily, up to ﬁve days after dilu-
ion, to assess whether its efﬁcacy was maintained over time.
All procedures were conducted in strict accordance with the rel-
vant national and international guidelines on the use of animals
or scientiﬁc purposes (The European Parliament and the Council
f the European Union, 2010). The protocol was authorized by the
talian Ministry of Health (Decree 505/2015-PR) previous approval
y the local IZSVe Ethics Committee.
All control carriers (contaminated and untreated) tested posi-
ive by FAT, RTCIT and both molecular tests, thus proving that the
odiﬁed-carrier test was a suitable method for the purpose of the
tudy.
When FAT was applied, Virkon® and QAC proved effective under
abel conditions while the tested phenolic was  effective only at
ncreasing concentrations and contact times and sodium hypochlo-
ite was effective under off label tested conditions, as expected. The
iguanide nanoemulsion gave positive FAT results, irrespective of
he disinfection protocol adopted (Table 1).
As for the virucidal effectiveness, only Virkon® proved effec-
ive under label conditions and under heavy organic challenge. The
henolic and sodium hypochlorite were able to eliminate virus
nfectivity when used off label (Table 1). The QAC efﬁcacy could
ot be assessed due to its toxicity to the cell culture substrate. Sim-
larly, the biguanide nanoemulsion was either unable to completely
liminate virus infectivity or toxic to the cell substrate when used
nder label conditions (Table 1).
When the presence of PCR-ampliﬁable nucleic acids was
ssessed through the application of the two molecular meth-
ds, Virkon®, sodium hypochlorite and phenolic proved successful
hen applied off label only. The biguanide and the QAC were unable
o succeed decontamination from RABV RNA neither under label
onditions nor off label (Table 1).Overall, discordant results were obtained when comparing ref-
rence tests with molecular methods. More speciﬁcally, molecular
ethods tested positive following all but three disinfection proto-
ols, indicating that besides the protein denaturation, RABV nucleicar methods = the One Step RT-PCR (De Benedictis et al., 2011) and the One  Step Real
acid is barely disrupted (Table 1). In summary, Virkon®, the pheno-
lic and sodium hypochlorite are the only disinfectants proving their
efﬁcacy with all the diagnostic methods applied. Of note, the tissue
component appeared highly denatured, due to the heavy oxidizing
effect or to the protein and phospholipidic component degradation
following contact with sodium hypochlorite and QAC, respectively.
Despite the presence of detectable RNA, the viral antigen was not
retained at the lowest tested concentrations for these two products
(Table 1).
When the stability over time of the working solutions was
tested, the virucidal effect was  maintained over time for both
Virkon® and the phenolic; nonetheless, stock working solutions do
lose their efﬁcacy on RABV RNA over time (Fig. 1).
Results of this study demonstrate that the selection of a proper
decontamination protocol is paramount in guaranteeing reli-
able rabies post-mortem diagnosis, especially when a PCR-based
method is used to rapidly conﬁrm FAT, avoiding false-positive
results. As for commercial chemicals, data reported by the man-
ufacturers and publicly available are often not informative enough
for the speciﬁc contaminant (i.e. RABV), and information may  not be
applicable to the diagnostic target (i.e. nucleic acids and/or antigen).
Thus, these products may  not be reliably used unless further
investigations are carried out. Surprisingly, viral infectivity was
retained under label conditions for some of the tested products,
thus posing a safety issue to the laboratory personnel, who would
in fact be inadvertently exposed to infectious virus particles.
Oxidizing agents and phenolics have proved to be effective
in killing viable virus particles and degrading RNA in presence
of organic material when used off label. Under these conditions
the occurrence of inconsistent false positive results due to cross-
contamination at the brain-sampling step can thus be avoided. The
daily preparation of disinfectant working solutions is strongly rec-
ommended when molecular techniques are expected to be applied
at a certain point of the diagnostic ﬂowchart, since the use of stock
working solutions may  led to the occurrence of inconsistent results
due to the incomplete nucleic acid degradation.
78 R. Aiello et al. / Journal of Virological Methods 234 (2016) 75–79
Fig. 1. Stability over time of effective working solutions. Aliquots of stock dilutions of Virkon® and the phenolic were tested daily, up to 5 days after preparation, to assess
their  effectiveness on virus infectivity and nucleic acids. Rabies Tissue Culture Infection Test (RTCIT) results are showed in light grey. One Step RT-PCR and One  Step RRT-PCR
results  are showed, respectively, in medium and dark grey. Virkon® and the phenolic data are surrounded by a dashed and a continuous line, respectively. The One Step
RT-PCR was  ﬁrstly applied; in case of a positive result, the disinfection protocol was  automatically considered as testing positive for molecular methods without further
investigations. In case of a negative result, the One Step Real-Time RT-PCR was applied to conﬁrm that also short RNA fragments were undetectable after the disinfection
protocol under evaluation. When at least one of the three tests gave a positive result, the disinfection protocol was  considered ineffective.
Table 2
Characteristics of selected disinfectants.
Disinfectant Efﬁcacy against
RABV (Yes/No)
Hazards identiﬁcation
(undiluted
substance/mixture)a
Corrosiveness to
metals
Cost/litreor kg (D )b Cost/litre of working
solution (D )
Virkon® powder Y H315; H318; H412; EUH208 Y 200.00 2.00
Sodium hypochlorite Y H314; H318; H335; H400; EUH031 Y 1.00 0.20
Phenolic Y H315; H318; H411 N 5.00 0.25
Biguanide N H315; H317; H318; H351;H373; H412 N 36.00 n.a.
Benzalkonium chloride N H318 N 1.00 n.a.
H314: Skin corrosion (B/1); H315: Skin irritation (2); H317: May cause an allergic skin reaction (1); H318: Serious eye damage (1); H335: May  cause respiratory irritation
(3);  H351: Suspected of causing cancer (2); H373: May  cause damage to organs through prolonged or repeated exposure (inhalation); EUH208: Contains Dipotassium
peroxidisulphate. May  produce an allergic reaction; EUH031: Contact with acids liberates toxic gas; H400: Acute aquatic toxicity (1); H411: Chronic aquatic toxicity (2);
H412:  Chronic aquatic toxicity (3).
n.a. = not applicable. The product was  ineffective for all tested disinfection protocols.
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aa The hazard identiﬁcation of mixtures is expressed according to the Nations’ Globa
y  Regulation (EC) No 1272/2008.
b Calculation made according to the average market price of Europe.
Besides the efﬁcacy itself, several factors should be taken into
ccount before making the ﬁnal choice of the decontamination
rotocol along the diagnostic ﬂowchart, such as chemical cor-
osiveness, toxicity to handlers, cost and environmental impact.
lthough oxidizing agents proved effective in disrupting viral RNA,
hey may  not be the best option because of their corrosiveness
o metals. On the other hand, the biguanide nanoemulsion, which
he manufacturer considered to be effective against nucleic acids
n cleaned hard surfaces, is not fully effective against RABV RNA
or virucidal in presence of organic material. Of note, consider-
ng its cost, biguanide nanoemulsion appeared not cost-effective
Table 2). In this study, phenol was the most cost-effective choice
or decontamination of necropsy equipment in rabies diagnostic
aboratories. Besides being effective in presence of organic material,
uch a product is easily available on the market with an afford-
ble price and safe for surfaces. We  have estimated the average
ost (calculation made according to the average market price in
urope) of an effective working solution of the tested phenol as 0.25
uro/litre, compared to 2.00 and 0.20 euro/litre working solution
or the oxidizing agents Virkon® and sodium hypochlorite, respec-
ively (Table 2). Nonetheless, as in this study the effective working
olutions are up to ﬁve times more concentrated than those recom-
ended by the manufacturers, the application of additional safety
recautions to handlers, i.e. equal to those applied for the undi-
uted products, are strongly advised. Similarly, disposal systems,
lthough supposedly already in place for other chemicals, need tormonised System of Classiﬁcation and Labelling of Chemicals (GHS), as implemented
be adapted in each laboratory in compliance with the current reg-
ulations on safety and environmental hazardous risks of chemical
in use, including separation and proper labelling.
Interestingly, we were unable to detect the viral antigen nor
to identify the residual viral infectivity following decontamination
steps, for all products but biguanide nanoemulsion. To conclude,
although most of the decontamination protocols tested in this study
are able to reduce the risk of false positive results due to cross con-
tamination of samples when standard techniques only are applied,
attention should be paid in their selection and daily preparation in
case PCR-based tests are included along the diagnostic pipeline.
Although of guidance to laboratories involved in post–mortem
rabies diagnosis, the results obtained in this study should be fur-
ther validated on-site, so that a decontamination protocol could
unanimously be adopted.
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